91

Bull. Natl. Health Sci., 117,91-98 (1999)

Originals

AT IV HARABEBFED F344 T v ML 5 13 BRRKERERGFHERER

ANEF B - AT - AR R - BNES - MRS - BR B eTER L E

A 13-week subchronic oral toxicity study of haematococcus color in F344 rats

Atsushi Ono*, Kiyoshi Sekita, Minoru Saitoh, Takashi Umemura, Yukio Ogawa,
Tsuyoshi Furuya,Toyozo Kaneko and Tohru Inoue

A 13-week oral repeated dose toxicity study of haematococcus color, a food additive mainly composed
of astaxanthin, was conducted in male and female F344 rats. Rats were randomly divided into 4 groups
each consisting of 10 males and 10 females and given CRF-1 powder diet containing 0%, 0.025%,
0.075%, and 0.25% haematococcus color, correspond to 0%, 0.5%, 1.5%, and 5% as the product. None
of the animals died during the administration period. There were no exposure-related changes in body
weight gain or food consumptions. Serum biochemical examinations showed dose-related increase in
cholesterol, but the differences were slight and not defined as an adverse effect. No effects related to
treatment were noted in hematological examinations and organ weights, and no abnormalities that could
be ascribed to exposure to heamatococcus color were observed in histopathological examinations. In
conclusion, ingestion of haematococcus color in the diet for 13 weeks does not cause any toxicological

changes in F344 rats.

Keywords: food additive, haematococcus color, astaxanthin, F344 rats, subchronic toxicity study
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Fig.1. Body weight and food consumption curves of male F344
rats fed diet containing haematococcus color for 13
weeks; Dose levels of haematococcus color were C: 0 %,
L: 0.025 %, M: 0.075 %, H: 0.25 %, respectively.
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Fig.2. Body weight and food consumption curves of female
F344 rats fed diet containing haematococcus color for 13
weeks; Dose levels of haematococcus color were C: 0 %,
L: 0.025 %, M: 0.075 %, H: 0.25 %, respectively.
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Table 1. Mean food consumption and haematococcus color intake in F344 rats

Mean daily intakes of

Sex Group  No.ofrats Food Food Haematococcus  Total intakes of
examined consumption color haematococcus
g/rat/day g/kg/day mg/kg/day mg/kg/13 weeks
Male (] 10 14.2 60.9 0.0 0.0
L 10 139 60.0 15.0 1364.0
M 10 14.6 61.7 463 4208.9
H 10 14.4 61.3 153.2 13941.1
Female C 10 9.4 65.1 0.0 0.0
L. 10 93 64.1 16.0 1457.5
M 10 92 64.0 48.0 4367.3
H 10 9.5 66.1 165.2 15034.1
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Table 2. Hematological data of F344 male rats fed diet containing haematococcus color for 13 weeks
Group C L- M ' H
% of haematococcus color 0.000 0.025 0.075 0.250
No. of animals 10 10 10 ' 10
RBC 10'%/1 9.55 £ 0.31 9.68 + 022 9.67 + 0.18 9.68 + 0.20
Hb g/dl 16.1 = 0.3 16.1 = 03 16 = 0.2 161 + 0.3
Ht % 453 *+ 16 459 + 1 458 + 0.8 457 % 1.1
MCV fl 475 * 04 474 =+ 04 473 = 05 472 + 04
MCH pg 168 X 0.6 16.6 = 0.1 16.6 = 03 166 =+ 02
MCHC g/di 355+ 14 351 = 03 351 + 04 352 = 04
Plt 102/ 054 = 0.1 051 = 0.07 05 =+ 0.08 049 #+ 0.13
WBC 10%/1 651 = 1.1 6.78 = 0.89 661 = 1.1 716 = 13
Neut-B % 00 *+ 00 00 + 00 00 + 00 00 £ 00
Base % 00 *+ 00 00 *+ 00 00 * 00 00 £ 00
Eosino % 08 + 07 11+ 08 1+ 07 ‘ 1% 05
Neut-S % 164 + 3.1 164 = 56 175 + 41 194 * 6.1
Lympho % 81 = 41 803 + 55 789 * 29 771 £ 7
Mono % 19+ 14 22 % 09 27 + 13 25 + 14
Values represent mean =+ SD..
Table 3. Hematological data of F344 female rats fed diet containing haematococcus color for 13 weeks
Group C L M H
% of haematococcus color 0.000 0.025 0.075 0.250
No. of animals 10 10 10 10
RBC 10"/ 8.88 * 0.26 893 + 0.8 895 + 8.17 893 + 0.18
Hb g/d 158 *+ 04 158 = 05 158 + 0.3 15.7 £ 03
Ht % 442 + 13 443 %+ 13 444 + 08 441+ 10
McCV. fi 498 + 03 . 496 + 02 496 + 03 493 *+ 02 **
MCH pg 178 X 0.1 177 = 0.1 17.7 £ 0.2 175 £ 0.1 #*
MCHC g/dl 357 + 03 356 =+ 03 356 %03 35.6 = 0.2
Pit - 10'%1- 048 *+ 0.12 047 £ 0.12 047 £ 005 048 + 0.09
WBGC 10°/ 949 £ 0.72 462 £ 0.63 535 *+ 101 5.16 & 0.89
Neut-B % 00 *+ 00 00 %+ 00 00 *+ 00 00 % 00
Base % 00 * 00 00X 00 00 + 00 00 % 00
Eosino % 13 + 0.7 14+ 10 1.1+ 11 11 * 06
Neut-S % 190 *+ 3.7 180 = 40 163 * 40 160 = 34
Lympho % 774 + 38 793 £ 42 80.7 = 40 812 * 35
Mono % 23+ 13 13+ 09 20 + 08 1.7 £ 08

Values represent mean = SD..
** show significant difference from the control groups at p<0.01.
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Table 4. Serum biochemical data of F344 male rats fed diet containing haematococcus color for 13 weeks

Group C L M H

% of haematococcus color 0.000 0.025 0.075 0.250
No. of animals 10 10 10 10

TP g/dl 6.13 £+ 0.13 6.14 + 0.16 6.19 = 0.08 6.15 & 0.14
Alb g/d 392 £+ 0.12 393 + 008 392 = 0.05 3.85 & 0.07
A/G 177 £ 009 ° 1.78 £ 0.06 1.73 = 0.05 168 = 006 *
BUN mg/dl 214 &= 16 208 + 08 198 £ 1.1 =* 202 = 1.2
CRN  mg/d 037 + 003 0.35 % 004 0.35 = 0.01 033 = 001 *x
Glc mg/dl 119 £ 12 120+ 6 119 £ 8 121 = 9
TG mg/dl 133 & 37 142 * 38 128 £ 37 139 £+ 24
TCho mg/dl 64 = 5 64 £ 5 65 = 6 68 £ 3
FCho mg/dl 119+ 13 119 & 17 115 £ 15 123 = 08
T8Il mg/dl 004 = 88 0.04 = 0.01 0.04 + 0.01 005 = 0.02
AP mU/ml 228 + 20 227 £ 21 218 = 11 218 = 15
AIT mU/ml 57 £ § 58 = 10 55 + 4 59 + 4
AsT mU/ml 88 + 18 84 + 15 84 = 12 90 + 13
Y-GT mU/ml 022 £ 029 017 £ 03 0.12 = 0.15 0.18 &= 0.17
Ca mg/dl - 103 * 0.1 105 *+ 0.2 10.4 % 0.1 104 * 0.1
P mg/dl 58 = 04 56 = 05 57 = 04 55 06
Na mEq/I 139 £ 2 139 & 1 139 = 1 138 = 1

K mEq/| 49 + 04 48 = 03 5§+ 03 49 *+ 03
Cl mEaq/I 101 + 4 102 £+ 1 101 + 2 101 = 2

Values represent mean £ S.D..
* and ** show significant difference from the control groups at p<0.05 and p<0.01, respectively

Table 5. Serum biochemical data of F344 female rats fed diet containing haematococcus color for 13 weeks

Group Cc L M ' H

% of haematococcus color 0.000 0.025 0.075 0.250
No. of animals 10 10 - 10 10

TP g/dl 6.04 % 0.13 596 * 0.15 6.05 = 0.14 593 + 0.11
Alb g/dl 401 & 0.14 396 & 0.1 405 *+ 0.11 401 = 0.08
A/G 199 + 012 1.98 £+ 0.1 2.03 * 0.09 209 + 0.07
BUN mg/dl 181 &+ 15 191 & 1.2 19 & 15 _ 177 £ 14
‘CRN mg/dl 0.35 &= 0.02 0.36 % 0.02 0.36 = 0.02 0.34 = 0.02
Glc mg/dl 110 £ 7 113 % 7 112 £ 7 109 = 10
TG mg/dl 83 £+ 20 80 % 16 76 = 18 82 + 24
TCho mg/dl 91 + 6 92 + 10 98 = 8 107 = 6 *k
FCho mg/dl 202 = 13 19.7 & 26 215 + 24 228 = 16 *
TBil mg/dl 0.06 = 0.01 0.06 X 0.01 0.05 £ 0.01 0.07 = 0.02
AP mU/ml 138 = 11 : 153 & 11 143 + 15 147 = 14
AT mU/ml 40 £ 3 39 4 2 40 £+ 3 40 = 4
AsT mU/ml 83 = 10 81 & 11 85 x 10 78 = 6

v -GT mU/mi 032 + 032 0.13 £ 0.16 0.10 £ 0.14 037 £ 040
Ca mg/dl 101 = 041 102 £ 0.2 103 £ 0.2 103 = 0.2
P mg/dl 40 = 06 46 * 0.6 45 £ 03 45 %+ 07
Na mEq/1 138 = 1 137 &+ 1 137 £ 1 138 + 1

K mEq/I1 46 £ 03 45 * 0.2 47 £ 03 48 %= 0.2
Cl mEq/I 102 + 1 101 & 1 102 = 1 102 = 1

Values represent mean = SD..
* and ** show significant difference from the control groups at p<0.05 and p<0.01, respectively
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Table 6. Organ weights of F344 male rats fed diet containing haematococcus color for 13 weeks

Group c L M H

% of haematococcus color  0.000 0.025 0.075 0.250

No. of animals 10 10 ' 10 10

Absolute
Body Weights g 31065 =+ 9.34 308.24 x 10.15 31569 + 108 31548 += 11.12
Brain E 1.931 = 0.051 1.92 + 0.062 1.932 + 0.059 1.917 £ 0.048
Heart g 0.884 + 0.034 0.899 + 0.059 0.894 + 0.057 0.909 + 0.054
Lungs ['4 0.967 + 0.056 0.923 + 0.047 0.933 £+ 0.035 ' 0.941 = 0.029
Liver g 7.12 £ 0.419 7.088 + 0.288 7.308 £ 0.376 7.15 &£ 0.227
Kidney g 1.732 + 0.064 1.725 £+ 0.089 1.791 + 0.087 1.779 £ 0.061
Spleen g 0.571 % 0.026 0573 £ 0.021 0.569 + 0.029 0.559 *+ 0.021
Testes g 3.003 £ 0.079 2945 = 0.119 2943 * 0.081 2943 + 0.102
Adrenal mg 3241 £ 3.49 3225 + 4.12 3421 + 3.22 3352 X 283
Thymus mg 20451 £ 5471 202.08 + 46.27 185.95 + 40.44 199.16 = 38.71
Relative

Brain % 0.622 % 0.025 0.622 + 0.023 0613 + 0.028 0.608 * 0.019
Heart g% 0.283 % 0.011 029 £+ 0.018 0.284 + 0.017 0.287 = 0.014
Lungs g% 0.311 + 0.02 0.299 + 0014 0.294 + 0.011 0.299 + 0.011
Liver g% 2.29 = 0.087 2299 *= 0.062 2.315 = 0.068 2.267 = 0.06
Kidney g% 0.558 = 0.016 0559 + 0.016 0566 = 0.021 0.564 + 0.022
Spleen g% 0.182 = 0.01 ~0.186 % 0.007 0.179 + 0.009 0.177 = 0.008
Testes g% 0.967 % 0.038 0.954 + 0.039 0.933 + 0.046 0.934 % 0.037
Adrenal mg% 1045 £ 1.24 1048 = 1.39 1084 = 1.12 10.64 &= 103
Thymus mg% 65.62 + 16.44 65.26 £ 13.08 59.02 + 13.66 63.28 + 13.29

Values represent mean £+ SD..

Table 7. Organ weights of F344 female rats fed diet containing haematococcus color for 13 weeks

Group c L M H

% of haematococcus color  0.000 0.025 0.075 0.250
No.. of animals 10 10 10 10
Absolute
Body Weights g 17219 + 546 17053 + 7.06 165.33 + 9.01 166.86 = 4.06
Brain g 1.78 &= 0.02 1.787 £ 0.037 1.769 = 0.029 1.782 X 0.036
Heart g 0.567 £ 0.029 0.548 + 0.018 0532 £ 0.024 *x 0.555 -+ 0.028
Lungs g 0.71 £+ 0.044 0.7 £ 0.042 0.676 + 0.034 0.675 = 0.046
Liver g 3.658 £+ 0.205 3.735 £ 0.229 3.612 £ 0.175 3.708 + 0.184
Kidney g 1.049 = 0.062 1.063 £ 0.069 1.032 # 0.055 1.054 + 0.044
Spleen F-4 0.370 £ 0.02 0.367 = 0.026 0.355 + 0.021 0.347 £ 0.018
Ovaries 4 48.72 + 11.41 48.31 4 8.44 49.19 + 7.78 4972 + 524
Adrenal mg 38.32 + 467 3944 *+ 483 3550 + 4.41 3764 = 451
Thymus mg 167.11 = 2453 168.28 + 25.31 164.76 = 16.85 152.67 + 23.88
Relative :
Brain g% 1.035 = 0.04 1.047 = 0.034 1.072 = 0.052 1.069 + 0.039
Heart g% 0.329 £ 0.014 0.322 + 0.014 0.323 £ 0.013 0.333 £ 0.016
Lungs g% 0412 & 0.026 0411 £ 0.03 0.409 £ 0.023 0406 = 0.034
Liver g% 2.126 £ 0.119 2.192 = 0121 2.187 = 0.10 2223 *+ 0.12
Kidney g% 0.609 £+ 0.036 0.624 = 0.037 0.624 = 0.027 0.633 + 0.031
Spleen g% 0.214 = 0.01 0.215 £ 0.011 0.215 = 0.018 0.206 = 0.012
‘Ovaries g% 28.34 + 6.68 2822 + 418 29.83 + 5.00 2981 + 3.25
Adrenal mgh 2224 + 2.47 23.18 = 3.14 21.49 = 2.62 2254 * 253
Thymus mg% 97.02 = 13.75 9857 + 13.37 99.69 + 9.05 91.71 &+ 15.46

Values represent mean & SD.
** show significant difference from the control groups at p<0.01.
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Table 8. Histological findings in male and female rats fed diet containing haematococcus color for 13 weeks

Sex : Male Female
Group c H C H
No. of animals examined 10 10 10 10
Heart
Myocardial degeneration 1 2 0 0
Intramyocardial cell infiltration 1 0 0 0
Lung :
Microgranuloma 1 0 0 1
Liver
Exratmedul lary hematopoiesis 1 0 0 0
Microgranuloma 1 4 3 1
Vacuolation of hepatocyte 0 1 0 0
Kidney
Tubular regeneration 2 2 0 0
Hyalin droplet 10 10 0 0
Calcification of collecting tubule 1 0 0 0
Calcification '
at cortico-medullary junction 0 0 0 1
Hyalin cast 0 1 0 o
Pancreas
Vacuolation of acinar cell 1 0 0 1
Spleen
Microgranuloma 0 0 1 0
Adrenal gland
Accessory adrenal gland 1 1 0 1
Dilatation of sinusoid 0 1 1
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